
 

Teaching Method (Practical Demonstration) 

Course Name  :  Heat Transfer 

Course Code  :  201ME6T01 

Topics   : Working principle of different Heat Exchanger   

Aim:  

The Practical Demonstration improves the understanding of complex topics and 

principles. Students can pay attention easily and follow the learning process. Knowledge 

gained during the demonstration method becomes permanent because it requires different 

senses. It leads to permanent learning.  

The physical working model was used to demonstrate the heat exchanger's operating 

principle. The student's level of understanding may rise as a result. 

 

 

 



 

Working:  

In Parallel flow heat exchangers, the outlet temperature of the "cold" fluid can never 

exceed the outlet temperature of the "hot" fluid. The exchanger is performing at its best when 

the outlet temperatures are equal. 

Counter flow heat exchangers are inherently more efficient than parallel flow heat 

exchangers because they create a more uniform temperature difference between the fluids, over 

the entire length of the fluid path. Counter flow heat exchangers can allow the "cold" fluid to 

exit with a higher temperature than the exiting "hot" fluid. However many industrial heat 

exchangers are more complex. To save space, fluids may go to the end of a unit then go back 

again, perhaps several times. Each time a fluid moves through the length is known as a pass. 

For example, one fluid may make 2 passes, the other 4 passes. Thus parts of the heat exchanger 

may be co-current, others counter-current, and calculations must take this into account. 



 

Initial conditions of knowledge, understanding level of students: 

The ability, knowledge, and understand of the working principles are generally low in 

the course's objective conditions. According to observations, the 65 students who participated 

in the demonstration class, initially did not comprehend the operating principle. 

The condition of learning planning objective by using the Demonstration method on 

heat exchanger: 

After the demonstration, the learner will be able to describe the types of heat 

exchangers and how parallel and counter flow heat exchangers operate.   



 
B. Tech - VI Semester (2022 - 23) 

Tutorial Sheet – II  

(Transient Conduction) – Heisler Chart 

 

Course Code             : 201ME6T01 

Name of the Course : Heat Transfer  

S. No. Question 
Knowledge 

Levels 

Course 

Outcomes 

Program  

Outcomes 

1 

An ordinary egg can be approximated as a 5-cm-

diameter sphere shown in the figure. The egg is 

initially at a uniform temperature of 5°C. It is dropped 

into boiling water at 95° C. Taking the convection 

heat transfer coefficient to be h = 1200 W/m2K, 

determine how long it will take for the egg's centre to 

reach 70° C. Take egg properties as water.  

(May 2020, JNTUK, April 2018 JNTUK) 

  

L3 CO1 PO1, PO2 

2 

In a production facility, large brass plates of 40 cm 

thickness that is initially at a uniform temperature of 

20° C are heated by passing them through an oven that 

is maintained at 500° C. The plates remain in the oven 

for 7 min. When the combined convection and 

radiation heat transfer coefficient is h = 120 W/ m2⋅K, 

determine the surface temperature of the plates when 

they come out of the oven.  

(OCT/NOV 2020 JNTUK) 

L3 CO1 PO1, PO2 

 



 
B. Tech - VI Semester (2022 - 23) 

Tutorial Sheet – II (Answer)  

SOLUTION  

1. An egg is cooked in boiling water, and the cooking time of the egg is to be determined. 

Assumptions  

1. The egg is spherical with a radius of Ro  = 2.5 cm.  

2. Heat conduction in the egg is one-dimensional because of thermal symmetry about the 

midpoint. 

3. The thermal properties of the egg and the heat transfer coefficient are constant.  

4. The Fourier number is τ > 0.2 , so the one-term approximate solutions are applicable. 

Properties  

The water content of eggs is about 74 percent, and thus the thermal conductivity and 

diffusivity of eggs can be approximated by those of water at the average temperature of 

(5 + 70)/2 = 37.5° C; K = 0.627 W/m⋅K and α = k/ρ = 0.15×10-6 m2/s, Pr = 6, Cp 

 = 0.151×10 −6 m2/s,  

 Analysis Egg white thickens at 63° C and turns solid at 65° C. The yolk begins to 

thicken at 65° C and sets at 70° C. The whole egg sets at temperatures above 70° C. 

 Therefore, the egg, in this case will qualify as hard-boiled. The temperature within the 

egg varies with radial distance and time, and the temperature at a specified location at 

a given time can be determined from the one-term approximate solution. The Biot 

number for this problem is 

Bi = hRo/K = ((1200×0.025)/0.627) = 47.8 

 

Heisler Chart - Sphere 



Which is much greater than 0.1, and thus the lumped system analysis is not applicable. The 

coefficients λ1 and A1 for a sphere corresponding to this Bi are 

Fourier number Fo = α τ/Ro
2 = 0.15×10-6 × τ/0.0252 = 0.00024 τ 

(To-Tα)/ (Ti-Tα) = (70 – 95) / (5 – 95) = - 25/ -90 = 0.277 

 From Heisler chart, for x axis 0.277, and Bi = 47.8, 

Fo = α τ/Ro
2  = 0.19 = 0.00024 τ 

τ  = 791.66 sec = 13.2 mins 

2. SOLUTION  

Large brass plates are heated in an oven, and the surface temperature of the plates 

leaving the oven is to be determined. 

Properties The properties of brass at room temperature are k = 110 W/m⋅K, 

ρ = 8530 kg/ m3 , Cp = 380 J/kg⋅K, and α = 33.9 ×  10 −6 m2 /s  

Analysis  

The one-term solutions can determine the temperature at a specified location at a given time. 

Noting that the half-thickness of the plate is L = 0.2 m, the Biot number for this problem is 

Bi = hRo/K = ((1200×0.2)/110) = 0.2181 

Fourier number Fo = α τ/L2 =33.9×10 −6  × 7 × 60 / 0.22 =0.355 

which is more significant than 0.2, and thus the one-term approximate solution is applicable. 

 

From the Heisler chart,  

(To-Tα)/ (Ti-Tα) = 0.92 

(To-500)/(20-500) =0.92 

Surface Temperature To = 58.4⁰C 
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B. Tech - VI Semester (2022 - 23) 

Tutorial Sheet – I 

Hollow cylinders and spheres, overall heat transfer coefficient 

Course Code             : 201ME6T01 

Name of the Course : Heat Transfer  

S. 

No. 
Question 

Knowledge 

Levels 

Course 

Outcomes 

Program  

Outcomes 

1 

Steam at T  = 320° C flows in a cast iron pipe 

(k = 80/m⋅K) whose inner and outer diameters are D1 

 = 5 cm and D 2  = 5.5 cm, respectively. The pipe is 

covered with 3-cm-thick glass wool insulation with 

k = 0.05 W/m⋅K. Heat is lost to the surroundings at 

T = 5° C by natural convection and radiation, with a 

combined heat transfer coefficient of h2  = 18 W/m2K. 

Taking the heat transfer coefficient inside the pipe to be 

h 1  = 60 W/m2K, determine the rate of heat loss from 

the steam per unit length of the pipe. Also determine the 

temperature drops across the pipe shell and the 

insulation. (Oct/Nov 2020, JNTUK).  

L3 CO1 PO1, PO2 

2 

A steel tube with 5 cm ID, 7.6 cm OD and K=15W/m°C 

is covered with an insulative covering of thickness 2 cm 

and K= 0.2 W/m°C. Hot gas at 330°C with                     

h = 400W/m2°C flows inside the tube. The outer surface 

of the insulation is exposed to cooler air at 30°C with       

h = 60 W/m2°C. Calculate the heat loss from the tube to 

the air for 10 m of the tube and the temperature drops 

resulting from the thermal resistances of the hot gas 

flow, the steel tube, the insulation layer and the outside 

air. (Apr/May 2021 JNTUK) 

L3 CO1 PO1, PO2 
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B. Tech - VI Semester (2022 - 23) 

Tutorial Sheet – I (Answer key)  

1. SOLUTION  

 

Steam pipe covered with glass wool insulation is subjected to convection on its surfaces. 

The rate of heat transfer per unit length and the temperature drops across the pipe and the 

insulation are to be determined. 

Assumptions  

1. Heat transfer is steady since there is no indication of any change with time.  

2. Heat transfer is one-dimensional since there is thermal symmetry about the centerline 

3. and no variation in the axial direction.  

4. Thermal conductivities are constant.  

5. The thermal contact resistance at the interface is negligible. 

Properties The thermal conductivities are k = 80 W/m⋅K for cast iron and k = 0.05 W/m⋅K 

for glass wool insulation. 
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2. SOLUTION  
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